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ŵĞŶƚ


ĂƌŽď

ͲĐƌĞĂŵ

ͲŽƌĂŶŐĞ
ͲŐƌĞǇ
ͲƉƵƌƉůĞ

ƌĞŐƵůĂƌ

ͲZĞŐƵůĂƌ
ͲŽƌƌƵŐĂƚĞĚ
ͲůŽďĞĚ
ͲƉůĂŝŶ


ͲĞůĞǀĂƚĞĚ
ͲĐŽŶǀĞǆ

ͲĂď

ͲĂď

5HVXOWVRIPDFURVFRSLFREVHUYDWLRQRI WKH LVRODWHGEDFWHULDDUH VKRZHG LQ7DEOH&RQFHUQLQJ WKHSKHQRW\SLF
GLYHUVLW\LWZDVSUHVHQWHGLQWKHIROORZLQJGHVFHQGLQJRUGHU3LVOޓ$UJ6ޓ3KGDޓ*OREOޓ)FDUޓ)LQGޓ&HU6M
$QHOHYDWHGPLFURELDOGLYHUVLW\FRQFHUQLQJ WKH VKDSHDQG WKHFRORXURQQXWULHQWDJDUPHGLXPZDVREVHUYHG7KH
SUHVHQFH RI DFWLQREDFWHULD LV PHQWLRQHG E\ >@ ZKR LVRODWHG DQG DFWLQREDFWHULD IURP WKH $JUDQ UKL]RVSKHUH
$FWLQREDFWHULDHVSHFLDOO\ WKRVHEHORQJLQJ WR WKHJHQXV6WUHSWRP\FHWHDUHVDSURSK\WLFEDFWHULDNQRZQ WRGHJUDGH
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WKHRUJDQLFPDWWHUSUHVHQWLQVRLOLHOLJQRFHOOXORVHVWDUFKDQGFKLWLQ>@7KHSUHVHQFHRIWKHRUJDQLFPDWWHUDVZHOO
DVWKHURRWH[XGDWHVFDQDOVRLQIOXHQFHWKHPLFURELDOSRSXODWLRQRIWKHVRLO>@
7KH LQFXEDWLRQ WLPH DOVR SOD\V D GHWHUPLQDQW UROH LQ EDFWHULD IORUD JURZWK DQG GLYHUVLW\ ,Q IDFW DIWHU K
LQFXEDWLRQ IRU DOPRVW DOO SODQW UKL]RVSKHUHV GLYHUVLW\ DQG FRORQ\ QXPEHU LQFUHDVHG DQG PDFURVFRSLF DVSHFW RI
LVRODWHVEHFDPHGLYHUVLILHG7KHSUHVHQFHRIDFWLQREDFWHULDDSSHDUHGDVZHOODIWHUK7KHVHEDFWHULDDUHQXPHURXV
DQGZLGHO\GLVWULEXWHGLQVRLO7KH\DUHLPSRUWDQWLQVRLOELRGHJUDGDWLRQDQGKXPXVIRUPDWLRQE\WKHUHF\FOLQJRI
QXWULHQWVDVVRFLDWHGZLWKUHFDOFLWUDQWSRO\PHUVVXFKDVNHUDWLQOLJQRFHOOXORVHVDQGFKLWLQ>@
6FUHHQLQJDQGSKHQRW\SLFGLYHUVLW\RIDP\ORO\WLFUKL]RVSKHULF%DFWHULD
7KH UHVXOWVRIDP\ORO\WLF UKL]RVSKHULFEDFWHULD VFUHHQLQJRQVWDUFK$JDUDUH VKRZHG LQ)LJ7KHDP\ORO\WLF
LVRODWHVDSSHDUHGVXUURXQGHGE\DFOHDUKDORRIGLIIHUHQWGLDPHWHUIROORZLQJWKHLVRODWHDP\ODVHDFWLYLW\7KHEHVW
DP\ORO\WLF LVRODWHV ZHUH LVRODWHG DQG SXULILHG E\ VWUHDNLQJ RQ QXWULHQW DJDU SODWHV WKHQ WKH\ ZHUH LQRFXODWHG RQ
VWDUFK DJDU SODWHV 7KH PLFURVFRSLF DVSHFW RI WKHVH LVRODWHV ZDV H[DPLQHG DIWHU *UDP FRORUDWLRQ )LJ  7KH
QXPEHURIFRORQLHVVKRZLQJDP\ODVHDFWLYLW\ZDVFRXQWHGDQGWKHDP\ODVHVSHFLILFDFWLYLW\RIWKHEHVWFRORQLHVZDV
FDOFXODWHGDQGVKRZHGLQ7DEOH
7KH VWXG\ RI WKH DP\ORO\WLF EDFWHULD UHYHDOHG WKDW UKL]RVSKHULF EDFWHULD LVVXHG IURP2)LQG&HU6 DJHG*OREO
ZHUH WKH PRVW QXPHURXV &RQFHUQLQJ WKH KLJKHVW VSHFLILF DFWLYLWLHV WKH\ ZHUH QRWLFHG ZLWK LVRODWHV IURP &HU6
\RXQJ)FDU$UJ6UKL]RVSKHUHV
7KH PDFURVFRSLF VWXG\ VKRZHG WKDW VRPH FRORQLHV DOWKRXJK VKRZLQJ VWDUFK GHJUDGDWLRQ EXW KDG D VPDOO
GLDPHWHUZKLFKFRXOGEHGXHWRWKHDEVHQFHRIJURZWKIDFWRUVHFUHWHGE\WKHSODQWSDUWHQHU7KHPLFURVFRSLFVWXG\
RIWKHDP\ODVHSURGXFLQJLVRODWHVVKRZHGDGRPLQDQFHRI*UDPSRVLWLYHEDFWHULDHVSHFLDOO\DFWLQREDFWHULD,QGHHG
DFWLQREDFWHULDDUHUHJDUGHGDVW\SLFDOLQKDELWDQWVRIVRLOHQYLURQPHQWV>@
7KHDP\ODVHSURGXFWLRQZDVQRWLFHGDWDOOFRQGLWLRQVRISURGXFWLRQGXHWRWKHFRQVWLWXWLYHQDWXUHRIWKHHQ]\PH
DQGWKHVLPSOLFLW\RIWKHVXEVWUDWHVWDUFKDQGLWVDYDLODELOLW\LQVRLO0RVWRIPLFURRUJDQLVPVSURGXFHWKHHQ]\PH
DP\ODVHDQGVRPHDUHNQRZQWRSURGXFHKLJKTXDQWLWLHVDQGDUHXVHGLQLQGXVWU\QDPHO\$VSHUJLOOXVVS%DFLOOXVVS
DQG3VHXGRPRQDVVS
7KH VWXG\RI WKHDP\ORO\WLF EDFWHULD UHYHDOHG WKDW UKL]RVSKHULFEDFWHULD LVVXHG IURP2)LQG &HU6DJHG*OREO
ZHUH WKH PRVW QXPHURXV &RQFHUQLQJ WKH KLJKHVW VSHFLILF DFWLYLWLHV WKH\ ZHUH QRWLFHG ZLWK LVRODWHV IURP &HU6
\RXQJ)FDU$UJ6UKL]RVSKHUHV
7KH PDFURVFRSLF VWXG\ VKRZHG WKDW VRPH FRORQLHV DOWKRXJK VKRZLQJ VWDUFK GHJUDGDWLRQ EXW KDG D VPDOO
GLDPHWHUZKLFKFRXOGEHGXHWRWKHDEVHQFHRIJURZWKIDFWRUVHFUHWHGE\WKHSODQWSDUWHQHU7KHPLFURVFRSLFVWXG\
RIWKHDP\ODVHSURGXFLQJLVRODWHVVKRZHGDGRPLQDQFHRI*UDPSRVLWLYHEDFWHULDHVSHFLDOO\DFWLQREDFWHULD,QGHHG
DFWLQREDFWHULDDUHUHJDUGHGDVW\SLFDOLQKDELWDQWVRIVRLOHQYLURQPHQWV>@
7KHDP\ODVHSURGXFWLRQZDVQRWLFHGDWDOOFRQGLWLRQVRISURGXFWLRQGXHWRWKHFRQVWLWXWLYHQDWXUHRIWKHHQ]\PH
DQGWKHVLPSOLFLW\RIWKHVXEVWUDWHVWDUFKDQGLWVDYDLODELOLW\LQVRLO0RVWRIPLFURRUJDQLVPVSURGXFHWKHHQ]\PH
DP\ODVHDQGVRPHDUHNQRZQWRSURGXFHKLJKTXDQWLWLHVDQGDUHXVHGLQLQGXVWU\QDPHO\$VSHUJLOOXVVS%DFLOOXV
VSDQG3VHXGRPRQDVVS
$P\ODVHHQ]\PHSURGXFWLRQDQGDFWLYLW\UHYHODWLRQ
5HVXOWVRIDP\ODVHDFWLYLW\RIWKHFUXGHSURGXFHGHQ]\PHE\WKHLVRODWHGUKL]RVSKHULFDUHVKRZHGLQ7DEOH,Q
)LJDP\ODVHDFWLYLW\LVUHYHDOHGRQOLTXLGVWDUFKPHGLXP)LJ$DQGRQVWDUFKDJDUSODWH)LJ%
7KH &UXGH HQ]\PH H[WUDFWV REWDLQHG DIWHU SURGXFWLRQ SUHVHQWHG DQ DP\ODVH DFWLYLW\ WUDQVODWHG E\ FOHDU ]RQHV
DURXQG WKH ZHOOV 7KH DSSHDUDQFH RI WKH FOHDU KDOR FRQILUPV WKH SUHVHQFH RI DQ DFWLYDWHG DP\ODVH LQ WKH FUXGH
SURGXFHGVXSHUQDWDQW$P\ODVHDFWLYLW\RQOLTXLGPHGLXPVKRZHGWKHVDPHLQFUHDVLQJDFWLYLW\RUGHUWKDQZHOOFXW
GLIIXVLRQPHWKRGLH2)LQG&HU6DJHG&HU6\RXQJ)FDU*OREO3KGD3LVO$UJ6
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
)LJ5HVXOWVRISKHQRW\SLFVWXG\RIDP\ORO\WLFUKL]RVSKHULFEDFWHULD
7RWDOEDFWHULDOGLYHUVLW\RIVWDUFKGHJUDGLQJEDFWHULDUHYHDOHGRQVWDUFKDJDUSODWHV)LQG3LVO&HU6\RXQJ
0LFURVFRSLFREVHUYDWLRQRIVRPHDP\ORO\WLFUKL]RVSKHULFLVRODWHV&HU6\RXQJ2)LQG$UJ6
7KHEHVWDP\ODVHDFWLYLWLHVZHUHQRWLFHGZLWK$UJ63LVODQG3KGD$UJDQLD6SLQRVD/DQG$UJDQLD6SLQRVD/DUH
ROHDJLQRXVIUXLWWUHHVLQZKLFKDVVLPLODWHGRUJDQLFPDWWHULVWUDQVIRUPHGWRIDWW\DFLGVXVHGLQWKHV\QWKHVLVRIFHOO
PHPEUDQHVDQGPRVWQRWDEO\IRURLOVWRUDJHLQVHHGV>@2QWKHRWKHUVLGHIRUVZHHWIUXLWWUHHVWKHDVVLPLODWHG
RUJDQLF PDWWHU  LV FRQVHUYHG LQ SODQW VWRUDJH RUJDQV GLUHFWO\ LQ IRUP RI VLPSOH VXJDUV JOXFRVH  IUXFWRVH DQG
VDFFKDURVH>@WKDWDUHXVHGIRUGHYHORSPHQWDQGJURZWKV\QWKHVLVRIPRVWRWKHUPHWDEROLWHVHQHUJ\
SURYLVLRQXQGHUVWDUYDWLRQFRQGLWLRQVDQGELRWLFDQGDELRWLFVWUHVVWROHUDQFH>@


)LJ$P\ODVHDFWLYLW\RIUKL]RVSKHULFLVRODWHV$$P\ODVHDFWLYLW\GHWHFWLRQRQVWDUFKOHTXLGPHGLXP
2)LQG&HU6DJHG3KGD*OREO&HU6\RXQJ$UJ6)FDU3LVO%:HOOFXWGLIIXVLRQ
PHWKRG3KGD)FDU*OREO2)LQG&HU6\RXQJ3LVO$UJ6&HU6DJHG
,WZDVDOVRQRWLFHGWKDWEDFWHULDOVWUDLQVLVRODWHGIURPSODQWUKL]RVSKHUHVWKDWVKRZHGKLJKEDFWHULDOGLYHUVLW\DQG
KLJKFRORQ\QXPEHULH)FDUDQG2)LQGJDYHORZDP\ODVHDFWLYLW\%HVLGHWKLVWKHEHVWDP\ODVHSURGXFLQJLVRODWHV
ZHUH WKRVH LVRODWHG IURP SODQW UKL]RVSKHUHV WKDW JURZ LQ DULG UHJLRQV ,QGHHG EDFWHULDO VWUDLQV RI $UJ6 DQG 3LVO
VKRZHG YLVFRVLW\ ZKHQ FXOWLYDWHG LQ OLTXLG PHGLXP ,W LV NQRZQ WKDW PLFURRUJDQLVPV FRQWULEXWH LQ ZDWHU DQG
QXWULHQWVXSWDNHE\SODQWURRWV>@EHLQJDNH\ELRWLFDJJUHJDWLQJDJHQWVLQVRLO>@$OVR<DQJHWDO>@UHSRUWHG
VRPHUKL]RVSKHULFEDFWHULDWRKHOSSODQWVWRUHVLVWDELRWLFVWUHVVHVSHFLDOO\GUDXJKWE\KRUPRQHVHFUHWLRQLQYROYHGLQ
URRWVJURZWK
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7DEOH7RWDOUKL]RVSKHUHDP\ORO\WLFEDFWHULDDQGVSHFLILFDFWLYLWLHVRIWKHEHVWLVRODWHV
/ƐŽůĂƚĞƐŽƵƌĐĞ
EƵŵďĞƌŽĨ
ĐŽůŽŶŝĞƐ
ŽůŽŶǇĚŝĂŵĞƚĞƌ;ŵŵͿ;zͿ ^ƚĂƌĐŚĚĞŐƌĂĚĂƚŝŽŶǌŽŶĞ
ĚŝĂŵĞƚĞƌ;ŵŵͿ;yͿ
ŵǇůĂƐĞƐƉĞĐŝĨŝĐĂĐƚŝǀŝƚǇ
;yͬzͿ
WŚŽĞŶŝǆĚĂĐƚǇůŝĨĞƌĂ ϭϴ
ϭ͘ϴ
Ϯ͘ϵ
ϯ͘ϵ
ϰ͘ϴ
Ϯ͘ϭϲ
ϭ͘ϲϱ
&ŝĐƵƐĐĂƌŝĐĂ ϱ
ϭ
ϭ
Ϯ͘ϴ
ϱ͘ϴ
Ϯ͘ϴ
ϱ͘ϴ
KƉƵŶƚŝĂ&ŝĐƵƐͲŝŶĚŝĐĂ ϯϱ
Ϭ͘ϵ
Ϭ͘ϱ
ϯ͘ϵ
Ϯ͘ϴ
ϰ͘ϯϯ
ϱ͘ϲ
'ůŽďƵůƵƐ>Ăďŝůů Ϯϰ
ϭ
Ϭ͘ϲ
ϲ͘ϴ
ϯ͘ϵ
ϲ͘ϴ
ϲ͘ϱ
ĞƌĂƚŽŶŝĂƐŝůŝƋƵĂǇŽƵŶŐ ϱ
Ϭ͘ϵ
Ϭ͘ϴ
ϯ͘ϵ
ϱ͘ϴ
ϰ͘ϯϯ
ϳ͘Ϯϱ
WŝƐƚĂĐŝĂůĞŶƚŝƐĐƵƐ> ϮϬ
ϭ
Ϭ͘ϴ
ϲ͘ϰ
ϱ͘ϴ
ϲ͘ϰ
ϳ͘Ϯϱ
ƌŐĂŶŝĂ^ƉŝŶŽƐĂ> ϱ
Ϭ͘ϵ
ϭ
ϰ͘ϵ
ϯ͘ϵ
ϱ͘ϰϰ
ϯ͘ϵ
ĞƌĂƚŽŶŝĂƐŝůŝƋƵĂ>
ĂŐĞĚ Ϯϱ
Ϭ͘ϴ
Ϭ͘ϳ
ϯ͘ϵ
ϯ͘ϴ
ϰ͘ϴϳ
ϱ͘ϰϮ
7DEOH(Q]\PHDFWLYLW\XVLQJFUXGHDP\ODVHRIUKL]RVSKHULFLVRODWHV
/ƐŽůĂƚĞƐŽƵƌĐĞ ŶǌǇŵĞĂĐƚŝǀŝƚǇ;>ǇƐŝƐǌŽŶĞ͕ŵŵͿ
WŚŽĞŶŝǆĚĂĐƚǇůŝĨĞƌĂ ϲ
&ŝĐƵƐĐĂƌŝĐĂ ϰ
ƵĐĂůǇƉƚƵƐŐůŽďƵůƵƐůĂďŝůů ϱ
WŝƐƚĂĐŝĂůĞŶƚŝƐĐƵƐ ϴ
ƌŐĂŶŝĂ^ƉŝŶŽƐĂ> ϭϮ
ĞƌĂƚŽŶŝĂƐŝůŝƋƵĂ>ǇŽƵŶŐ ϯ
ĞƌĂƚŽŶŝĂƐŝůŝƋƵĂ>ĂŐĞĚ Ϯ
KƉƵŶƚŝĂĨŝĐƵƐͲŝŶĚŝĐĂ Ϭ
&RQFOXVLRQ
7KH REWDLQHG UHVXOWV DUH HQFRXUDJLQJ DQG SURYLGHG SUHFLRXV GDWD DERXW WKH GLYHUVLW\ RI UKL]RVSKHULF EDFWHULDO
IORUDDQG WKHVSHFLILFLW\RIHDFKVWXGLHGSODQW IORUD$OVRKLJKDP\ODVHSURGXFWLRQE\VRPHRI WKHVHEDFWHULDZDV
GHWHFWHG7KHVHRXWFRPHVFRQFHUQLQJEDFWHULDOIORUDVKRXOGEHYDOXHGDQGIROORZHGE\PROHFXODUDQGPHWDJHQRPLFV
VWXG\7KHHFRORJLFDODVSHFWDOVRVKRXOGEHGHHSHQHGDQGVRLODQDO\VLVDQGFOLPDWHVWXG\VKRXOGEHUHDOL]HG
5HIHUHQFHV
>@ *OLFN%3ODQW*URZWK3URPRWLQJ%DFWHULD0HFKDQLVPVDQG$SSOLFDWLRQV6FLHQWLILFD
>@ %DVKDQ<DQGGH%DVKDQ/(3ODQW*URZWK3URPRWLQJ(QF\FORSHGLDRIVRLOVLQWKHHQYLURQPHQW
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>@ 1RVKHHQ$DQG%DQR$3RWHQWLDORISODQWJURZWKSURPRWLQJUKL]REDFWHULDDQGFKHPLFDO
)HUWLOL]HUVRQVRLOHQ]\PHVDQGSODQWJURZWK3DN-%RW
>@ )XFKV-*DQG+HULVVH-0)HUWLOLWpGHVVROV%LRSK\WVD
>@ %RXL]JDUQH%/DQRRW%DQG/RTPDQ66WUHSWRP\FHVPDUNNRQHQVLVVSLVRODWHGIURPUKL]RVSKqUHVRLO$UJDQLDVSLQRVD/,QWHUQDWLRQDO
MRXUQDORIV\VWHPDWLFDQGHYROXWLRQDU\PLFURELRORJ\
>@ 6WUDS-DQG&UDZIRUG'(FRORJ\RI6WUHSWRP\FHVLQVRLODQGUKL]RVSKHUH,Q0ROHFXODUDSSURDFKHVWRVRLOUKL]RVSKHUHDQGSODQW
PLFURRUJDQLVPDQDO\VLV(G&223(5-5DQG5$2-(
>@ 6KL6,QIOXHQFHRIURRWH[XGDWHVRQVRLO0LFURELDOGLYHUVLW\DQGDFWLYLW\3KLORVRSK\GRFWRUDWHWKHVLV/LQFROQ8QLYHUVLW\1HZ
=HDODQGS
>@ 6WDFK-(DQG%XOO$(VWLPDWLQJDQGFRPSDULQJWKHGLYHUVLW\RIPDULQHDFWLQREDFWHULD$QW9DQ/HHXZHQKRHN
>@ *RRGIHOORZ0DQG:LOOLDPV67(FRORJ\RI$FWLQRP\FHWHV$QQXDO5HYLHZRI0LFURELRORJ\
>@5DZVWKRUQH6&DUERQIOX[DQGIDWW\DFLGV\QWKHVLVLQSODQWV3URJUHVVLQ/LSLG5HVHDUFK±
>@-XQJ%/XGHZLJ)6FKXO]$0HLQHU*:|VWHIHOG1)OJJH8,3RPPHUUHQLJ%:LUVFKLQJ36DXHU1.RFK:6RPPHU)0KOKDXV
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